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(57) Claim 

1. A display pager, comprising: 
data processing means for processing a received sicra: to cetera:; an 
information signal, and for generating a control signal : 
display means for optically displaying on the display alshan-jmer' : 
characters corresponding, to the information signs! output Dy sd^c data 
processing means; 

light sensor means for sensing an external luminance level ; n tr.& vic''-*.y 
of said display means and for applying a first sense signal to t' = cata 
processing means when said luminance level is lower than a first 
predetermined value, and for applying a second sense signal to the cata 
processing means when said luminance level is above a second predetermined 
value which is higher than said first predetermined value; and 
illuminating means for illuminating the display means in response to the 
control signal output from the x data processing means, said i 1 lum'nating 
means including a lamp; 

the data processing means generating said control signal in response to 
said first sense signal during the operation of the display of the display 
means and controlling said illuminating means to turn off said lamp in 
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response to said second sense signal. 

A pager as claimed in claim l. wherein said data processing rcean 
turns off said lamp when the operation of the display or" the disomy - 
is terminated. 
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The following statement is a full description of this invention, 
including the best method of performing it known to us. 



PAGER WITH DISPLAY 
BACKGROUND OF THE INVENTION 
The present invention relates to a pager with a display and. more 
particularly, to a display pager of the type using liquid crystal or like 
display elements which are not themselves radiant, and which Is capable of 
automatically Illuminating the display as the external luminance becomes 
low. 

• Some modern pagers are capable of displaying data in numerals and 
messages to convey such information to the user. The prerequisite for this 
type of pager is that It be small In size and portable and. to meet this 
need, non-radiant liquid crystal elements which consume a minimum of power 
are widely used. Because these, display elements are non-radiant as 
mentioned, such a pager is provided with a lamp for illumination and a 
switch associated with the lamp. 

One approach to a- smaller-size configuration is to replace the switch 
with a light-sensing photo-sensing\phototransistor. as disclosed in 
Japanese Patent Application Ser. No. 58-178683 corresponding to U.S. patent 
application Ser. No. 654.082. now U.S. Pat. No. 4.644350. 2-17-87. E.PC 
Patent Application No. 84 111 419.2. Canadian Patent Application 
No. 463.961. An example of the phototranslstor scheme is shown In FIG. 1. 

In the prior art pager shown in FIG. 1. phototransi stor 10a is 
sensitive to external luminance and., when it is low. turns on a lamp 10b. 
When the lamp 10b is turned on. 1 ight I ssuing f rom the lamp 10b is diffused 
inside a diffuser plate 12 and transmitted sequentially through liquid 
crystal 14 and an acryl plate 16 as indicated by arrows, thereby allowing 
displayed data to be read by the user. A partition plate 18 serves to 
intercepts part of the light from the lamp 10b which is directed toward 
the phototransi stor 10a. 

However, although the partition plate 18 successful ly prevents the 
light from the lamp 10b from becoming directly Incident to the 
phototranslstor 10a. it fails to intercept the light reflected by the acryl 
plate 16 as well as externally derived light. Therefore, when the external 
luminance is dim. the display cannot function in a positive manner. 
Specifically, when the lumlrance level is near the threshold level which 
will permit photosensor 10a to turn on the lamp, the output signal of the 
photosensor is susceptive to even insignificant changes in the ambient 
conditions and leakage of light issuing from the lamp 10b (as is Indicated 
by phantom lines In FIG. 1) can cause the lamp 10b to repeatedly turn on 
and 



off at short intervals, rendering the displayed information difficult to 
see. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a 
display pager which eliminates the above-discussed drawback and allows 
displayed information to be read with ease even in a dim ambient. 

It is another object of the present invention to provide a generally 
improved di splay pager. 

The pager of the present invention comprises a data processing 
circuit for processing a received signal to generate an information signal 
to be displayed and a control signal, a display circuit for optically 
displaying on the display the information signal which is outputted from 
the data processing circuit, a light sensor for sensing the external 
luminance level around the display circuit and for applying a first sense 
signal to the data processing circuit when the level is lower than a first 
predetermined v^lue. and an illuminating circuit for illuminating the 
r) 1 5 p 1 a yJ wf^nw %n the control signal output from the data processing 
circuit, the illuminating rircu't including a lamp. 

The data processing c'«rcult\is constructed to generate the control 
signal wh t n the external luminanceSensed by the light sensor is lower than 
the first predetermined value and the display of the display circuit is 
maintained. 

In accordance with the present invention, a pager has a display 
implemented with, for example, a liquid crystal and senses the external 
iuminance so that the display can- be automatically illuminated when the 
luminance has decreased. 

The above and other objects, features and advantages of the present 
invention will become more apparent f-om the following detailed description 
taken with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a prior art display pager: 

FIG. Z is a block diagram of a display pager embodying the present 
invention; 

FIG. 3 is a flowchart demonstrating the operation of the pager of 
FIG. 2; 

FIG. 4 is a diagram showing the specific construction of a light 
sensing circuit; 



FIGS. 5A-5D show signals appearing in the light sensing circuit and 
the on-off condition of a lamp; 

FIG. 6 is a block diagram showing another embodiment of the present 
invention; 

FIG. 7 is a flowchart representative of the operation of the p?',e' of 
FIG. 6. 

FIG. 8 is a block diagram showing another embodiment of :ne preser-: 
Invention; and 

FIG. 9 is a chart representative of the operation of the sa-;er -J 
FIG. 8. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
While the display pager of the present invention is susceptible cf 
numerous physical embodiments, depending upon tne environment and 
requirements of use. substantial numbers of the herein shown and described 
embodiments have been made, tested and used, and all have performed in an 
eminently satisfactory manner. 

Referring to FIG. 2 of the drawings, a display pager in accordance 
with a preferred embodiment of the present invention is shown and generally 
designated by the reference numeral 20. A signal coming in through an 
antenna 22 is applied to a radio section 24 whicn is interconnected w'th a. 
waveform-shaper 26. The waveform-sha^r 25 is interconnected with a 
decoder 28 which in turn Is interconnected with a read only memory (ROM). 
30. a speaker 32. and a microprocessor <CPU) 34. A power source 36 has a 
negative terminal connected to a common potential point and to one terminal 
of a switch 38. and a .pos1 tl ve terminal connected to the decoder 28 and ro 
one input terminal of a DC-DC converter 40. The other terminal of the 
switch 38 is connected to the other input of the DC-DC converter 40 and to 
the CPU 34. An output terminal of the DC-DC converter 40 is connected to 
the CPU 34. Power from the power source 36 is routed via the decoder ?8 to 
the radio section 24 and waveform-shaper 26. The output of the DC-DC 
converter 40 Is applied to an illuminating circuit 42. a display 44 and a 
light sensing circuit 46 by way of the CPU 34. The CPU 34 is connected to 
the illuminating circuit 42. display 44 and light sensing circuit 46. The 
output of the light sensing circuit, or light sensor. 46 is fed to the CPU 
34. 

The radio section 24 amplifies and demodulates the signal coming In 
through the antenna 22. The wave-form-shaper 26 converts the demodulated 
signal to a digital signal having a format which the decoder 28 can 



decode. The ROM 30 is adapted to store a call number assigned to the paqer 
20. The decoder 28 compares an output of the waveform-shaper 26 with the 
call number stored In the ROM 30 and. when they coincide with each other, 
applies a signal to the speaker 32 to cause it to sound, thereby alerting 
the user. The DC-DC converter 40 boosts the voltage applied thereto from 
the power source 36 so as to supply the CPU 34 with power. The switch 33 
is a power switch which is manually actuated. Once the switch 38 is 
closed, the DC-DC converter 40 is activated to feed power to the CPU 34. 
When the pager 20 is called, the decoder 28 reads message data which 
follows the call number data and applies the message data to the CPU 34. 
Then, the CPU 34. which Includes a circuit for driving liquid crystal 
display segments, causes the display 44. which comprises the liquid crystal 
display segments, to display the message. The illuminating circuit 42 is 
equipped with a lamp for illuminating the display 44 and is controlled by 
power which is applied from the CPU 34. The light sensor 46 converts 
external luminance to an electrical signal which is applied to the CPU 34. 

A characteristic feature of this particular embodiment is that the 
light sensor 46 is responsive to a first predetermined reference /alue 
associated with relatively dark ambient and a second predetermined 
reference value associated with relatively light ambient. Specifically, 
the output of the light sensor 46 becomes (logical) 0 when the external 
luminance is lower than the first reference value (dark) and maintains the 
O level until the luminance increases beyond the second reference value 
(light). Conversely, the light sensor 46 produces a 1 output when the 
external luminance is higher than\the second reference level and maintains 
it until the luminance decreases beyond the second reference level. 

Referring to FIG. 3. the display illuminating operation of the pager 
20 in" accordance with the illustrative embodiment is demonstrated. The 
operation begins when the switch 38 is closed by the user as previously 
mentioned. As a message is displayed on the display 44, the CPU 34 
supplies power to the light sensor 46 to cause it to start measuring 
external luminance. (S, and S 2 ) If the measured luminance is hlgher 
than the first reference value, the illuminating circuit 42 is not supplied 
with power and. therefore, the lamp Is not turned on. If it is lower than 
the first reference value, the CPU 34 supplies power to the illuminating 
circuit 42 to turn on the lamp to thereby Illuminate the display 44. (S 3 
and S 4 ) In this condition, as the luminance increases beyond the second 
reference level, the power supply to the illuminating circuit 42 is 
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Interrupted to turn off the lamp. <S 5 and S g > This procedure 
continues until the display of the message on the display 44 is 
terminated. <S 2 ~ S ; > When the display is cancelled, the supply of 
power to the illuminating circuit and light sensor 46 is inhibited. <S- 
and. Sg) 

A specific example of the light sensor 46 is shown in FIG. 4. It. 
this example, a phototransi stor 48 has a collector connected to tre C=u 34 
and an emitter connected to a common potential, point via a resistor aO. 
The emitter of the phototransi stor 43 is also connected :o one terminal of 
a resistor 52 the other terminal of which is connected to an inout terminal 
of an inverter 54. An output terminal of the inverter 54 is ccnr.ectea :c 
an input terminal of another inverter 56. an output terminal of wh'.ci is 
connected via a resistor 58 to the input terminal of the inverter 54. "ne 
resistors 52 and 58 and. the inverters 54 and 56 constitute a Schm'.tr 
circuit. 

Referring to FIGS. 5A-5D. signals appearing in the light sensor 46 
and the on-off condition of the lamp are shown. FIG. 5A reoresents the 
output signal or voltage of the phototransistor 48. higher voltages 
corresponding to higher external luminance. In FIG. 5A, the vertical axis 
of the signal is snown in double scale compared to the other signals for 
the convenience of description. When the output signal of the 
phototransistor 48 is binarized with an intermediate level L as a 
threshold, it will appear as shown in FIG. 5B. Heretofore, the output 
signal of the phototransistor 48 has been directly read by the CPU 34 so as 
to control the illuminating circuit 42. that is. the binary signal shewn in 
FIG. 5B has been used to on-off control the lamp. Such has brought about 
the problem where the lamp repeatedly turns on and off at short intervals 
in a dim situation In which the output of the phototransistor 48 
approximates the intermediate level L> 

The output signal of the inverter 56 is shown in FIG. 5C. A Schmitt 
circuit has two different threshold voltages M, and » 2 (H ] < M,) 
and operates with hysteresis. Specifically, the outDut voltage of the 
Inverter 56 becomes low when the output voltage of the phototransistor 48 
has dropped below the threshold level M, and remains low until it rises 
above the threshold level H 2 '. Conversely, as the output voltage of the 
phototransistor 48 rises beyond the threshold level the inverter 56 
produces a high voltage: the high voltage output of the inverter 56 is 
maintained until the phototransistor output drops beyond the threshold 



level M,. FIG. 50 shows the on-off condition of the lamp in accordance 
with the illustrative embodiment, the high level representing an "on" 
condition. Ihe CPU 34 turns on the lamp when the output voltage of the 
light sensor 46 is low when a message is being displayed on the display 
44. In this particular embodiment, the lamp does not turn on and or f at 
short intervals even in a dim ambient. 

dhile the light sensor 46 in the' above embodiment has been 
implemented by a Schmitt circuit, equivalent control over the illuminating 
circuit may be accomplished based on program control by applying the output 
of the phototranslstor 48 to a microprocessor via an ana log-to-.Jigi tal 
converter to cause the microprocessor to compare the input signal witr, tne 
two threshold levels. 

Referring to FIG. 6. another embodiment of the display pager ir, 
accordance with the present invention is shown. In FIG. 6. the same or 
similar structural elements are designated by like reference numerals. Tne 
major difference between the pager, generally 60. of this embodiment and 
the previously discussed pager 20 is that in the former tne CPU 34 nas an 
output terminal for display illumination connected to the -illuminating 
circuit 42. an output terminal for message display connected m the aisplay 
44. and an output terminal for light sensing connected to a lignt ss..sor 64 
via a switch 62. The output of the light sensor 64 is coupled to the CPU 
34. The switch 62 is controlled oy trie CPU 34. 

The second illustrative embodiment is characterized in that once 
power is applied to the illuminating circuit 42 to turn on the lamp, the 
power supply to the circuit 42 is maintained until tne display of tne 
message on the display 44 is cancelled. Specifically, the switch 62 in an 
initial condition is closed to cause the light sensor 64 to measure 
external luminance. While the external luminance is low, the output 
voltage of the light sensor 64 remains lower than a predetermined value so 
that the CPU 34 supplies power to the illuminating circuit 42 and, at tr.e 
same time, opens the switch 62. This interrupts the power supply to tne 
light sensor 64, the output of which is then "0". While the light sense- 
output is "0", the CPU 34 applies power to the illuminating circuit 42 to 
turn on the lamp. The switch 62-. remains open unless the message appearing 
on the display 44 is cancelled eith v er automatical ly or manually. The light 
sensor 64 shown In FIG. 6 may be implemented with the circuit made up of 
the phototranslstor 48 and resistor 50 as shown in FIG. 4. 

The operation of the pager 60 is shown in a flowchart in FIG. 7. 
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sensor 64. 

The operation of the pager 80 is shown in a flowchart in TIG. 'J. 
Upon the appearance of a message on the display 14, the CPU ?4 applies 
power to the light sensor 64 which then starts measuring e/ternal 
liminance. (S-, t and S,,) If the, luminance has measures lower than a 
predetermined value, power is soppMed to the luminating circuit 42 and 
timer 82 with the result that a predetermined period of time elapses witn 
the lamp maintained on. <S, 3 ~ S 25 > If the luminance has measured 
higher than the predetermined value, the lamp if then on is turned off. 
10 (S 23 and S 26 > Such a sequence of events continues until the message on 
the display 44 is cancelled. <S 22 . S 23 . S, 6 ~ $ 28 > After the 
message display has been cancelled, the supply of power to the illuminating 
circuit 42, light sensor 64 and timer "82 "is inhibited. (S 29 > 

In the illustrative embodiment, the output signal of the light sensor 
64 is turned to "0" to control the duration of the "on" condition of the. 
lamp-. Alternatively, an arrangement may be made such that the output 0 of 
the timer 82 is applied to the CPU 34 in order to continuously turn on the 
lamp while the output Oof the timer 32 is "l". 

Further, if the duration of the "on" state of the lamp is long enough 
20 to read a message on the display 44, the lamp may be turned off without 
performing a further light sensing step after the lamp has been turned on. 

The embodiment shown in FIG. 8 reduces the power which is consumed cy 
the illuminating circuit 42, compared to the embodiment of FIG. 6. 

Again, the embodiments shown in FIG. 6 or 3 may be implemented •jsing 
program control, instead of the switch 62 and timer 82. 

In summary, it will be seen that the present invention provides the 
display pager which prevents a lamp from repeatedly turning on and off at 
short intervals in a. dim situation or due to leakage of light issuing from 
the lamp. The pager, therefore, accomplishes an automatic illuminating 
30 function responsive to the external luminance without degrading displayed 
information, thereby accurately convey a message meant for the pager user. 

Various modifications will become possible for those skilled in the 
art after receiving the teachings of the present disclosure without 
departing from the scope therpof. 
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The claims defining the invention at e as follows: 

1. A display pager, comprising: 
data processing means for processing a received sigia! to generate an 
information signal, and for generating a control signal; 
display means for optical ly displaying o. the display t'.oww 
characters corresponding to the information signal outsu: oy c .a'd 
proces ; i ng means ; . 

light sensor means for sensing an externa! luminance 'e.e' ,f i t'-f t ■. 

of said display means and for applying a first sense Jg-a ; to J.tt.t 
processing means wnen said luminance level is lower :r-.v; a r'v.s: 
predetermined value, ar.d for applying a second sense signal to the ja:.« . 
processing means when said luminance level is. acove a second lm eaete- 
value which is higher than sa'd first predetermined value; mJ 
illuminating means -or illuminating the display means in response to '.n 
control signaloutput from the data processing means. -Uid lum'nat'-g 
means including a lamp; 

the data processing means generating said control signal in response to 
said first sense signal during the operation of tne dUolay of tne display 
means and control ling said illuminating means to turn off said lamp in 
response to said second sense signal. 

o2. A pager as claimed in claim !. mere in said data orocessing rrean; 
turns off said lamo when the operation of tne display or the display ^es^s 
is terminated. 

3. A display pager, comprising: 
data processing means for processing a received signal to generate an 
information signal, and for generating a control signal; 
display means for optically displaying on the display alphanumeric 
characters corresponding to the information signal output by said data 
processing means; 

light sensor means for sensing an external luminance level in the vicinity 
of said display means, said sensor means aopiying a firs': sense signa' to 
the data processing means when said external luminance level is lower nan 
a first predetermined value; 

illuminating means for illuminating the disolay means in response to tne 
control signal output from the data processing means, said illuminating 
means Including a lamp; and 

timer means triggered by said control signal for inhibiting the sensing 
operation of the light sensor means until the expiration of a predetermined 



period of time. 

the data processing means gen-rating said control Sigral :n re;P'..r.:e 
said first sense sional . 

4. A pager as claimed in claim 3. further comprising near- fo- 
rcactivating said lignt sensor means ucon tne expiration or '.a'd 
predetermined period of time. 

5. A pager as claimed in claim 3. further comprising near.: re- 
turning off the lamp upon the expiration of said predete'n- - ^ :-*r o- '.' 
time. 

6. A pager., comprising: 
display means for displaying a message; 

means for sensing an external luminance level in the vicinity or M\z 
display means and producing a f irs v t sense s'gr.al «nen. said e»:e«--a: 
luminance level falls below a fi rh ^predetermined level, ana p'Oducvng a 
second sense signal when said external luminance leve: e-ceed: a seco'C 
predetermined level after saic first sense signal has been produced, said 
second predetermined level, being nigner than 'said first 3recetersi-.edle.-5V. 
moans for illuminating said display means; and 

control means for* turning on said illuminating means in response to said 
first sense signal curing the display of said -essage on said display means 
and for turning off said : - • 1 jrr ; rating *eahs in response to said second 
sense signal . 

7. A pager as claimed in ciaim 5. further comprising: 
means for receiving a paging signal followed by said message; 

means for detecting coincidence between a call number represented oy sa"d 
paging signal and a call number assigned to said page' and for outputs -5 
said message subsequent to said detection. 

8. A pager as claimed in claim 5. wherein said illuminating mean: 
. . . comprises a lamp. 

• " 9. A pager as claimed in claim 6, wherein saic sensing mean: 

comprises a phototransistor and a Schmitt trigger circuit connected to an 
.. . output of said phototransistor. 

• •• 10. A pager as claimed in claim 5. wherein said ccntroi means 

comprises a microprocessor. 

11. A method of controlling the illumination of a display of a 
pager, comprising the steps of: 
displaying a message on said display; 

sensing an external luminance level in the vicinity of said display; 
9 307P/l$) -"- 



m uminating said display »hen said message is oeing a> soUyed oo saia 
display ana the sensed external luminance level falls freic a = .r>. 
predetermined level; and 

terminating the illumination of said display *nen said sensed ^ 
luminance level e<ceeds a second predetermine 'eve! -Men h • - 

said first predetermined level. 

,2. A netnod as in claim 11. further comprising cn» itess 5- 
receiving a oaging signal followed by saia message: ana 
comparing a call number represented by saia paging s>gr-a .•■/» . ^ 
number assigned to said oager and provloing said .-essage-o- « 
v,hen said call numbers coincide wi-n each other. 

13. A pager, comprising: 
displav means for displaying a message; _ 
means for sensing an externa! luminance level in :ne *lciniy or sa', 
disolav means; 

means for illuminating saia display means when said message .3 ».n 3 
displayed on said disolav means and the sensed external luminance level 
falls below a 3 r»detera»lned>l*vel: * nd 
control means for deac 

message on saia disolav means is terminated. 

Id. A oager as claimed in claim 13. further comprising: 
means for receiving a oaging signal -Mowed by said message: 
ceans for detecting coincidence between a call number reo-esented by a.o 
Paging signal and a call number assigned to said oager and for outpuwng 
said message subsequent to said detection. 

15. A p*ger as claimed in claim 13.' wherein saia illuminating means 

comprises a lamp. 

16 A pager as claimed in claim 13. wherein said sensing means 
comprises a phototransistor and a Schmitt trigger circuit connected :o an 
output of said phototransistor. 

17. A oager as claimed In claim 13, wherein sa*a control means 
comprises a microprocessor. 

18. A method of controlling the illumination of a diso.ay or a 
pager, comprising the steps of: 

displaying a message on said display; 

sensing an external luminance level in the vicinity of said display: 
Illuminating said display when said message is being displayed on said 
display and the sensed external luminance level falls below a predetermined 



.g said' sensing means until the disolav of said 



and 




level: and 

thereafter discontinuing said sensing step until the ci splay z' said 
message on said display means 1s terminated. 

19. A method as claimed in claim 18. further comprising tne Steo-S c': 
receiving a paging signal followed by said message; ir.c 
comparing a call number represented by said paging signal with a ca:. 
number assigned to said pager and providing said message for saia ~: io>i, 
when said call numpers coincide with each otner. 

20. A pager, comprising: 
display means for displaying a message: 

means for sensing an external luminance level in the vicinity of said 
display means; 

means for illuminating said display means *nen said message is being 
displayed on said display means and the senseo external luminance level 
falls below a predetermined . level ; and 
control means for deactivating said sensing wears for a predetermined time 
after the sensed external luminance level falls below saic predetermined 
level . 

21. A pacer as claimed in claim 20. further comprising: 
means for receiving a pacing signal followed by sais message: and 
means for detecting coincidence serpen a call number represented oy said 
paging signal and a call number a_ss.igr.e2 to sai3 pager and -"or output ting 
said message subsequent to said detection. 

22. A pager as claimed in claim 20. wherein said illuminating means 
comprises a lamp. 

23. A pager as claimed in claim 20. wherein said sensing means 
comprises a phototransi stor and a Schmitt trigger circuit connected to an 
output of said phototransistor. 

24. A pager as claimed in claim 20. wherein said control means 
comprises a microprocessor. 

25. A method of controlling the illumination of a display of a 
pager, comprising the steps of: 

displaying a message on said display: 

sensing an external luminance level in the vicinity of said display: 
illuminating said display when said message is displayed on said display 
and the sensed external luminance level falls below a predetermined level: 
and 

thereafter discontinuing said sensing step until the expiration of a 
^predetermined period of time. 
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26. A method as claimed in claim 25. further comprising the step: 
receiving a paging signal followed by said message; and 
comparing a call number represented by said paging signal with a call 
number assigned to said pager and providing said message for said disoU; 
when said call numbers coincide with each other. 

DATED this SIXTEENTH day of FEBRUARY 1933 
NEC CORPORATION 
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